Exploration and selection of Rhizobacteria that inhibit Phytophthora capsici in vitro. Phytophthora capsici, a seed borne and the soil borne fungal pathogen is the cause of phytophthora blight on chili. The disease is difficult to control because of the unavailability of resistant varieties in Indonesia. The purpose of this study was to obtain isolates of rhizobacteria which have the ability to inhibit P. capsici in vitro. Exploration of rhizobacteria was conducted in centers of chili production in East Java (Malang, Batu, and Kediri) and West Java (Bogor). In one location, chili plant that had symptoms of phytophthora blight disease and a healthy plant next to it were chosen as samples to isolate P. capsici and the rhizobacteria. The rhizobacteria were isolated on NA, TSA, and TSAP (TSA with heated sample). Samples of diseased plants were used in isolation of P. capsici on V8 agar. The inhibition and compatibility of the rhizobacteria to inhibit P. capsici in vitro were tested by dual culture method. In this experiment, it was obtained 252 isolates of rhizobacteria and one isolate of P. capsici. Isolates of rhizobacteria with high to medium inhibition were E1, E3C2, and F2B1 respectively. All three isolates were then combined and tested against P. capsici in vitro. The highest inhibition was indicated by four isolate and combination of isolates, which were E1 isolate (58%), the combination of E1 + E3C2 isolates (58%), E1 + F2B1 (60%) and E1 + E3C2 + F2B1 (58 %). Key words: dual culture, inhibition, phytophthora blight, Rhizobcteria isolate ABSTRAK Eksplorasi dan penapisan Rizobakteri penghambat Phytophthora capsici secara in vitro. Phytophthora capsici, cendawan patogen terbawa benih dan tular tanah dalah penyebab penyakit busuk phytophthora pada cabai. Penyakit ini sulit dikemdalikan karena belum tersedianya varietas yang resisten di Indonesia. Tujuan penelitian ini adalah mendapatkan isolat rizobakteri yang dapat menghambat P. capsici secara in vitro. Eksplorasi rizobakteri dilakukan di sentra produksi cabai Jawa Timur (Malang, Batu, dan Kediri) dan Jawa Barat (Bogor). Setiap lokasi diambil satu sampel tanaman sehat dan satu sampel tanaman sakit bergejala busuk phytophthora yang bersebelahan. Sampel tanaman sehat digunakan dalam isolasi rizobakteri pada media NA, TSA dan TSAP (media TSA dengan sampel dipanaskan). Sampel tanaman sakit digunakan dalam isolasi P. capsici pada media agar V8. Uji daya hambat dan uji kompatibilitas rizobakteri dalam menghambat P. capsici secara in vitro diakukan dengan metode dua biakan (dual culture). Berdasarkan hasil eksplorasi diperoleh 252 isolat rizobakteri; 22 isolat diantaranya diduga memiliki kemampuan menghambat P. capsici secara in vitro, dan satu isolat P. capsici. Isolat rizobakteri dengan daya hambat tertinggi sampai sedang, berturut-turut adalah isolat E1, E3C2 dan F2B1. Hasil uji kompatibilitas tiga isolat rizobakteri terbaik menunjukkan daya hambat tertinggi serta zona penghambat terlebar terhadap P.capsici yaitu kombinasi isolat E1+F2B1 (60%), isolat E1 (58%), kombinasi isolat E1+E3C2 (58%), dan E1+E3C2+F2B1 (58%).
INTRODUCTION
Chili palnting main problem the attack of phytophthora blight which caused by Phytophthora capcisi (Louws et al., 2002) , and carried by seeds (seed borne) (Agarwal & Sinclair, 1997) . According to Manohara (1998) , as a soil-borne pathogen, P. capsici is able to survive and spread to healthy plants through the soil.
P. capsici, the cause of phytophthora blight, has been shown to reduce the yield of paprika, red chili and other vegetable crops, not only in Indonesia but also in several other countries (Babadoost, 2004; Hausbeck & Lamour, 2004; Lim & Kim, 2010) . The spread of phytophthora blight pathogens can be through water, winds that occur during rain, plant material, livestock/ animals, humans and agricultural tools (Manohara et al., 2005) . This disease is still difficult to control because of the unavailability of resistant varieties and limited control methods. According to (Syamsuddin 2010) , this pathogen is pathogenic to 25 chili genotypes with stem rot symptoms, five genotypes with the highest disease intensity are Taro F1, Hot Pepper Tornado, F1 Hybrid Chilli, Bintoro, and Marconi hot with 70"92% attack percentage.
The use of biological control agents as an alternative to the use of chemical pesticides is increasingly being developed in line with increasing awareness of the effects of synthetic chemical pesticides. Rhizobacteria originating from the rhizosphere of plants that are biologically fused with their ecosystems have the ability to specifically suppress various plant diseases (Yamaguchi, 1996) . In contrast to the side effects of continuous use of chemical fertilizers, growth-promoting rhizobacteria can improve soil structure and leave no toxic effects when applied to the soil (Babalola, 2010) .
Rhizobacteria are able to act as antagonists, controlling diseases caused by Phytophthora capsici (Syamsuddin, 2010; Ibrahim et al., 2014; Rosadiah et al., 2015) . Rhizobacteria as an antagonist were chosen based on several factors such as the ability of direct antagonism to pathogens, adaptability in the environment and induction of resistance to host plants (Aravind et al., 2008) . According to Sutariati et al. (2006b) , rhizobacteria can also act as a biocontrol for boosting chili plant growth, through its ability to synthesize phytohormones (IAA) and siderophore. Khan et al. (2009) stated that rhizobacteria have the ability to dissolve phosphates so as to increase nutrient absorption through plant roots. The purpose of this study was to obtain rhizobacterial isolates that could inhibit P. capsici in vitro, the rhizobacteria used as biological agents were isolated from chili plantations in East Java. The Rhizobacteria can later be used in the treatment of seeds before planting.
MATERIALS AND METHODS
Research Site. The experiment was carried out at Balai Penelitian Tanaman Rempah dan Obat Cimanggu, Bogor City. The experiment was conducted from February 2015 to October 2015.
Exploration of Rhizobacteria and P. capsici in Chili Plantations. The experiment began with an exploration of rhizobacteria and P. capsici in chili plantations in East Java, namely Kab. Kediri, Kab. Malang, and Kota Batu. Exploration was also carried out in the Bogor Regency of West Java as an evaluation of previous research (Syamsuddin, 2010) . Plants used as samples for the isolation of P. capsici, which is a sick plant with a stem rot. Healthy plants adjacent to sick plant samples were taken as samples for isolation of rhizobacteria. This is done with the assumption that there are rhizobacteria in the roots of healthy plants that can inhibit P. capsici infection.
A sampling of rhizosphere or rhizoplane soil refers to BBPPSLP (2007) by determining the plants to be excavated. The soil surface under the canopy is cleaned from leaves or litter. Then the soil under the canopy around the roots is dug slowly with a ground spoon or spatula. The roots are separated from large blocks of soil, but the soil attached to the roots is left unchecked. The canopy of the plant near the base of the root is cut, then the root and the attached soil are put into plastic and wrapped in newsprint, then put into plastic again, labeled, and stored in an ice box. The second rhizosphere or rhizoplane sampling from different types of plants is done after all the equipment is clean and sterile. Plant samples and rhizosphere soil are stored at room temperature (25 o C) until they are used as insulation material.
Isolation of Rhizobacteria and P. capsici from Exploration Results Isolation of Rhizobacteria.
Isolation of rhizobacteria using a combination of serial dilution methods and pouring methods (Madigan et al., 2003) , as well as a method that has been modified by Syamsuddin (2010) . Rhizosphere or rhizoplane soil samples were 10 g, suspended in 90 mL sterile distilled water, and shaken with a shaker for 60 minutes. After that, serial dilution is performed at the 10 -4 and 10 -5 dilution levels. Each dilution level was taken 0.5 mL, Zakia et al.
Exploration and Selection of Rhizobacteria

85
and poured into a petri dish, then added with nutrient agar (NA) media, tryptic soy agar (TSA), and King's B (Madigan et al., 2003) . Modifications were made by pouring 0.5 mL of rhizosphere soil suspension which had been heated in a water bath at 80 o C for 30 minutes into a petri dish, then adding TSA media and coded TSAP (TSA media with heated samples) (Syamsuddin, 2010) . The obtained bacterial culture was incubated in a room of 27 °C for 48 hours. Each sample was made in five replications. Each type of growing colony is isolated and made pure culture. Pure rhizobacterial isolates are stored in the NA slant media.
Isolation of P. capsici. Isolation of P. capsici using a method developed by Manohara (1988) . Part of the plant is sick with symptoms that are still fresh, cut into pieces (size 0.5 cm 2 ), washed with running water for 15-30 minutes. Sterilize the cut surfaces of sick plants with 70% alcohol for 3 minutes and wash sterile water three times, then dry them in a laminar air flow cabinet (LAFC). Diseased plant pieces are placed on the surface of the water agar (WA) media and incubated at room temperature with continuous lighting for 2-3 days. Purification of P. capsici isolates using V8 agar media, with composition: 800 mL of distilled water, 200 mL of V8 juice, 1 g of CaCO3, and 20 g of Bacto agar. Isolates of P. capsici pure are stored in the medium so that the V8 is tilted.
Testing of mating type is done using the dual culture method (two cultures) (Manohara 1988) . P. capsici isolates to be tested were grown in V8 media, 3 cm away from the edge of the petri dish. Isolates of Balittro P. capsici collection which have been known to type A1 (isolate K2) or A2 (isolate S1) are inoculated in petri dishes within 3 cm, facing the isolates to be tested. Cultures are incubated at room temperature for 3-5 days in dark conditions. If oospora is formed, the isolate has a mating type that is different from the isolate known for its mating type.
Rhizobacterial Screening Inhibiting the Growth of P. capsici in vitro Rhizobacterial Inhibitory Test Against P. capsici. The effectiveness of rhizobacteria in inhibiting P. capsici uses the dual culture method (two cultures) (Purwantisari & Hastuti 2009 ). The test was carried out on potato dextrose agar (PDA) media in a petri dish. The culture of P. capsici (0.5 cm in diameter) grown on PDA media aged 4-5 days, inoculated 3 cm from the edge of the petri dish containing PDA media. Each rhizobacterial isolate that was cultured on PDA media (age 2 days), was etched at a distance of 3 cm from the edge of the petri dish opposite the direction of P. capsici. Control is made by inoculating P. capsici without rhizobacteria. The culture was incubated in a room temperature of 26-28 °C for 7 days. Measuring the width of the inhibition zone (clear zone) by rhizobacterial isolates and the growth of P. capsici colonies carried out every day. The width of the inhibitory zone was measured using a ruler from scratches extending the cultured isolate to the edge of the facing zone with P. capsici isolates. The growth of colonies of P. capsici was measured using a ruler from the point of culture cuttings to the outer part. Calculation of percentage of Rhizobacteria inhibition (DH) with Syamsuddin (2010) formula: Rl = radius of growth of pathogens without rhizobacteria (control) R2= radius the growth of pathogens towards rhizobacteria.
The experiment used a completely randomized design of one factor, namely rhizobacterial isolates. Each treatment was repeated three times. Data of inhibitory power by rhizobacteria was analyzed by F test and if there was a real effect, continued with Duncan Multiple Range Test (DMRT) at the level of 5%. Rhizobacterial isolates that have the highest inhibitory power of P. capsici, then tested for compatibility.
Testing Compatibility of Rhizobacteria Selected.
Rhizobacterial isolates selected from Experiment 3a. are compatibility tested using the dual culture method (two cultures) with the paper disc. The first rhizobacteria as a base were grown in NA media, then the second rhizobacteria were planted on paper disc and placed on rhizobacteria base (in NA media). As a control, the opposite is done with the second microbial as a base. Evaluation is seen from the growth of the second microbial, and whether or not a clear zone is formed around the second microbe. The second Rhizobacteria that are able to grow and do not produce clear zones are considered compatible.
Test of hypersensitive reactions of rhizobacteria carried out on tobacco leaves. Hypersensitivity testing was carried out by injecting rhizobacterial isolates grown in sterile water, which had been incubated 24 hours, to tobacco leaves. Observations were made on symptoms of necrosis in tobacco leaves. Isolates that cause symptoms of necrosis indicate that the isolate is a pathogen for plants. Exploration of stem rot symptomatic chili plants was also carried out in the pepper plantation of Kabupaten Bogor in West Java. Observations in the field showed that chili plants were not found with symptoms of stem rot. This is because exploration takes place when the rainy season will end (March 2015), so many chili plantations are destroyed and then replaced with other horticultural crops. According to Manohara et al. (2005) , the attack of P. capsici occurs in the rainy season, where the air temperature becomes low and high humidity and supported by adequate nutrition will stimulate the resting structure (dormant structure) of pathogenic fungi P. capsici to germinate, so that pathogens can survive more long time in the ground.
Based on four locations (Kabupaten Kediri, Kabupaten Malang, Batu City, and Kabupaten Bogor) a total of 12 samples of healthy plants (for rhizobacterial isolation) and 10 sick plant samples (for isolation of P. capsici) were obtained. The number of healthy plant samples and diseased plant samples were not the same, because in two locations (Malang -C-and Bogor -H-) there were no phytophthora blight symptoms (Table 1) .
Exploration results showed that the varieties used in chili plantations in East Java varied (Table 1) , namely large chili and cayenne pepper with various varieties, both hybrid and local varieties (annual). The use of seeds of local varieties themselves is carried out conventionally by leaving the harvest of chili the best conditions, then extracted into seeds and used as seed sources. The history of the land before being used as chili plantations varies, most of which is land that has been used to grow chili for more than three years. 
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Based on the intensity of phytophthora blight in the field showed that both the seeds of local and hybrid varieties were not resistant to pathogens of P. capsici. Besides that, the continuous use of land for chili cultivation also allows pathogens of P. capsici to survive in the soil. According to Retnosari et al., (2014) , pathogenic of P. capsici which is active again can infect all stages of plant growth both at the nursery and in the field.
The intensity of the attack of phytophthora blight caused by pathogenic P. capsici varies. Classification of the intensity of attacks is made based on direct observation in the field. Light intensity shows the number of phytophthora decaying chili plants is less than 10 plants, while the heavy attack intensity is more than 20 plants in one area of chili cultivation with a wide variety. The intensity of the attack of P. capsici in the field is thought to show the influence of rhizobacterial ability to control phytophthora blight, the heavier the intensity of the attack, the possibility of the rhizobacterial ability to control phytophthora blight gets lower.
Isolation of Rhizobacteria and P. capsici from Exploration Results Isolation of rhizobacteria.
Rhizobacterial isolation was carried out based on general characteristics such as the shape of the colony, the shape of the edge of the colony, elevation, and color. According to Aminullah et al., (2015) and Majeed et al., (2015) , rhizobacteria generally have characteristics such as round or irregular colony shapes, wavy or flat edges, convex or concave elevations, and have a clear, white, yellow or dark yellow color. Rhizobacterial isolation activities require a relatively long time. Therefore from a number of samples, only eight samples of healthy plants can be isolated on time, while the rest have been damaged. The eight samples represent the height of the place as presented in Table 1 . Samples A through sample G are chili plantations in East Java, while sample H is chili plantations in West Java (Table 1) . Rhizobacterial isolates from West Java did not show the potential to inhibit P. capsici in vitro (subsequent experiment), so it was not further investigated.
Rhizobacterial isolation was carried out by extracting the rhizosphere of the roots (rhizoplane) and rhizosphere soil from each sample location with the aim that more bacterial variation was obtained. However, in plain view bacterial variation shows similarities, besides that based on the amount, bacteria that are isolated from rhizosphere soil are relatively less compared to bacteria isolated from rhizoplane. Rhizobacterial isolates are also distinguished based on the bacteria breeding media used, such as the NA, TSA, and TSA media with heated samples (TSAP). Initially the isolation was carried out on King's B media because the isolation results showed similarities with isolates on NA media, so isolation was only carried out on NA, TSA, and TSAP media. The total rhizobacterial isolates obtained were 252 isolates. Watanabe (2002) , P. capsici has morphological characteristics including, long and ellipsoidal (oblong) triangular or irregular sporangia, 2-3 papilla/sporangium. Zoospores develop in spongaria, which is ready to break and release sporangiospores. Rarely forms chlamydospora, globose, thick walls, heterotalics. Spore size 20-50 (-55) × 15-42.5 (-50) μm; width of papilla 6.2-7.5 (-12.5) μm, height 1.2-6 μm. Chlamydospore diameter is 35 μm.
Isolation of P. capsici. According to
Phytophthora capsici infection was found in all samples of sick chili plants obtained. P. capsici has been found in chili plantations in East Java both in the highlands, medium and low. Of the ten samples of sick plants that have been obtained in exploration, only one was collected. This is because, in addition to P. capsici, there are also other fungi (secondary infections), so it is difficult to get pure isolates. Isolates of P. capsici collected were coded Cb6, originating from Tegalgondo Village, Kecamatan Dau, Kabupaten Malang, East Java (as shown in Figure 2) .
Phytophthora capsici is a heterothallic species which requires two types of mating (A1 and A2) to complete its sexual cycle, producing oospore which is useful for survival and producing new individuals (Lamour & Hausbeck 2001; Meitz et al., 2010; Chaerani et al., 2013) . Sexual marriage allows the phytophthora pepper to produce a more virulent derivative than the mother (Wahyuno, 2009 ). Both types of mating are found in Indonesia, but A2 is detected in frequencies lower than A1 (Manohara et al., 2004) . The test results show that Cb6 isolates are the A2 type (Figure 3 ). This isolate complements the collection of P. capsici isolates from West Java before, with mating type A1 and A2 (Syamsuddin, 2010 the effectiveness of rhizobacterial inhibition on pathogens involves many mechanisms, one of which relates to the ability of rhizobacterial isolates to secrete extracellular enzymes (chitinase, protease, and cellulase), especially protease and cellulase, and HCN production. This is also reinforced by the statement of Babalola (2010) , that metabolites of hydrogen cyanide (HCN), 2.4-diacetyl phloroglucinol (DAPG) and siderophore are anti-fungal compounds produced by rhizobacteria.
Purification was carried out on the five selected rhizobacterial isolates, purification was carried out because the color of different bacterial colonies was found so that 12 isolates of rhizobacteria were obtained. The 12 isolates of rhizobacteria were then tested for their inhibitory effect on P. capsici in vitro. Based on the results of testing two cultures, four selected rhizobacterial isolates were E1, E3B, E3C, and F2B. Rhizobacterial isolates of E1 produced the highest percentage of inhibitory power among all treatments, besides isolates E3C, F2B, and E3B were able to inhibit P. capsici with a percentage of inhibitory power above 10% so it was selected for further testing. The four isolates were then refined, but E3B isolates could not grow on PDA media (incubation of room temperature for 3-5 days). The three isolates (E1, E3C, and F2B) and their derivatives were then re-tested for their ability to inhibit P. capsici. Syamsuddin (2010) explained that the rhizobacteria group which has low inhibitory power does not even have inhibitory power at all, has the potential to be developed as a growth-boosting rhizobacteria. This rhizobacteria group may have various other abilities, such as producing IAA, cytokines, gibberellins, and ethylene which can function as biostimulants. A number of rhizobacterial isolates resulting from isolation from the rhizosphere of chili plants showed the ability to produce IAA, siderophore compounds and dissolve phosphate. These secondary metabolites are an indicator of the ability of bacteria in their role as PGPR. Therefore rhizobacterial isolates with P. capsici medium inhibitory power can be selected and combined (between two or more rhizobacterial isolates), making it possible to combine the ability of rhizobacteria in inhibiting P. capsici and increasing plant growth.
Testing the Compatibility of Some Selected Rhizobacterial Isolates. Compatibility test was conducted on three selected rhizobacterial isolates (Table 3 ). The reason for using the three isolates is E1 isolate has the highest inhibitory power, while the E3C2 and F2B1 isolates have moderate inhibition. The three isolates came from location E (the moderate plain of Malang Regency) and F (the lowland of Kediri Regency). The three locations had a moderate intensity of the attack on P. capsici (the number of plants with symptoms of phytophthora blight was less than 20, in one planting area), this proves that there are rhizobacteria that can control pathogen P. capsici. Isolates E1 and F2B1 were isolates obtained from NA media. E3C2 isolates were isolates obtained from TSAP media, namely TSA media with heated samples so that the bacteria were suspected to survive at high Table 4 .
Hypersensitive test results of rhizobacterial isolates on tobacco plants showed that all three rhizobacterial isolates obtained were not pathogenic in plants (Figure 4) . Hypersensitivity test was carried out with the density of E1 rhizobacterial isolates (1.95x109 CFU mL-1), E3C2 (1.37x109 CFU mL-1), and F2B1 (1.99x10 9 CFU mL-1). The relatively high bacterial density is carried out because the rhizobacteria collected successfully will be used as seed treatment before planting. According to Bai et al. (2002) and Sutariati et al., (2006a) , the application of rhizobacteria from Pseudomonas sp., Bacillus sp., And Serratia sp. Groups, which are recommended in the treatment of seed before planting (biopriming) at a density of 10 8 -10 9 CFU mL-1, equivalent to the value of the absorbance reading OD600 = 0.072-0.192 using a spectrophotometer.
The results of the compatibility test between E3C2 isolates as the first isolate (isolates mixed in PDA media), then on the surface of the media placed dipped paper disc in isolates E1 and F2B1 showed no halo (limiting zone between two rhizobacterial isolates). Based on the results of these three isolates compatible (Table 5 ). The E1 isolate as the first isolate against F2B1 isolates did not show any halo and vice versa. However, when E1 isolates as the first isolate were tested with E3C2 isolates, a halo zone was formed around the E3C2 isolate. Likewise when isolates F2B1 act as the first isolate. The halo formation showed that E3C2 isolates were not compatible with E1 isolates or F2B1 isolates. Based on the results of the compatibility test, the three isolates allow being used simultaneously.
The compatibility test of three rhizobacterial isolates showed inconsistent results presumably not a result of the formation of antagonistic compounds between bacteria (Table 5 ). This is likely due to bacterial competition for space and nutrition, as well as the presence of bacteria that are the first bacteria (bacterial base). According to Fredrickson & Stephanopoulos (1981) , competition between two populations of microorganisms tends to eliminate weak micro-organism populations, but a number of factors reduce competition so that populations of microorganisms can coexist. Table 6 shows the inhibitory power of rhizobacterial isolates ranging from 33% -60% after 7 days of incubation. The highest inhibitory power and the widest inhibition zone was shown by one isolate and three types of combination isolates, namely E1 isolate (58%), combination of isolates E1 + E3C2 (58%), E1 + 
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has a higher inhibitory power than isolates E3C2 and F2B1. The combination of isolates E1 + E3C2, E1 + F2B1, and E1 + E3C2 + F2B1, was able to inhibit P. capsici with an average width of the inhibition zone higher than the single isolate E1.
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